than SBM (Lenehan et al., 2007) , and the concentrations of CP and AA are greater than in most other soybean products. Results of studies by Cervantes-Pahm and Stein (2008) and Zhang et al. (2013) indicate that SPC has greater digestibility of most AA and greater DE and ME than SBM. However, a new nonalcoholbased technology for producing SPC was recently introduced, but the nutritional value of SPC produced using this technology has not been determined.
Therefore, 3 experiments were conducted to test the hypothesis that the digestibility of AA, energy, and P in this new source of SPC is greater than in SBM. The objective was to compare the apparent ileal digestibility (AID) and the standardized ileal digestibility (SID) of AA, the concentrations of DE and ME, and the apparent total tract digestibility (ATTD) and the standardized total tract digestibility (STTD) of P in SPC and SBM.
MATERIALS AND METHODS
Three experiments were conducted, and the Institutional Animal Care and Use Committee at the University of Illinois reviewed and approved the protocols for all experiments. Pigs used in the experiments were the offspring of Line 359 boars and F-46 sows (PIC, Hendersonville, TN). The main ingredients that were used in the experiments included SPC, SBM, and corn (Table 1 ). The source of SPC was Nutrivance (Midwest Ag Enterprises Inc., Marshall, MN), which is produced using a process combining nonalcohol extraction of carbohydrates and enzymatic treatment of SBM. The SBM was from the same source as that used to produce the SPC and was produced by cracking and dehulling full-fat soybeans that were subsequently defatted using a hexane solvent, desolventized, toasted, and ground. The corn was obtained from the University of Illinois feed mill (Champaign, IL) , and the same batch of corn was used to produce all 3 diets in Exp. 2.
Experiment 1: Amino Acid Digestibility
Diets, Animals, and Experimental Design. Experiment 1 was designed to determine the AID and the SID of CP and AA in SPC and SBM fed to pigs. Nine growing barrows (initial BW: 13.08 ± 1.98 kg) were equipped with a T-cannula in the distal ileum according to procedures adapted from Stein et al. (1998) . Pigs were allotted to a triplicated 3 × 3 Latin square design with 3 periods and 3 pigs in each square. Pigs were housed individually in pens (1.2 × 1.5 m) in an environmentally controlled room. Pens had fully slatted tribar floors, and a feeder and a nipple drinker were installed in each pen.
Three cornstarch-based diets were prepared (Table 2) . Two diets contained SPC (35%, as-fed basis) or SBM (46.5%, as-fed basis) as the only source of AA, and the third diet was a nitrogen-free (N-free) diet that was used to estimate basal endogenous losses of CP and AA. Chromic oxide (0.4%) was included in all diets as an indigestible marker, and vitamins and minerals were included to meet or exceed estimated nutrient requirements for weanling pigs (NRC, 2012) .
Feeding and Sample Collection. Pigs were fed at a daily level of 3 times the estimated maintenance requirement for energy (i.e., 197 kcal of ME/kg of BW 0.60 ; NRC, 2012), and the daily allotment of feed was provided at 0800 h each day. Water was available at all times. The BW of each pig was recorded at the beginning of each period, and the amount of feed supplied each day was also recorded. Each experimental period lasted 7 d. The initial 5 d were an adaptation period to the diet, whereas ileal digesta were collected for 8 h on d 6 and 7. A 225-mL plastic bag was attached to the cannula barrel by a zip tie, and digesta that flowed into the bag were collected. Bags were removed whenever they were filled with digesta or at least once every 30 min and stored at −20°C to prevent bacterial degradation of AA in the digesta.
Chemical Analysis. At the conclusion of the experiment, ileal samples collected from each pig in each period were thawed and mixed, and a subsample was collected for chemical analyses. All ileal digesta samples were lyophilized and finely ground before chemical analysis. Soy protein concentrate, SBM, and all samples of digesta and diets were analyzed in duplicate for DM (method 930.15; AOAC Int., 2007) , for CP by combustion (method 999.03; AOAC Int., 2007) using a Rapid N cube apparatus (Elementar Americas Inc., Mt. Laurel, NJ), and for AA with an AA analyzer (model L8800 Hitachi Amino Acid Analyzer, Hitachi High Technologies America Inc., Pleasanton, CA) using ninhydrin for postcolumn derivatization and norleucine as the internal standard. Before AA analysis, samples were hydrolyzed with 6 N HCl for 24 h at 110°C (method 982.30 E(a); AOAC Int., 2007). Methionine and Cys were determined as Met sulfone and cysteic acid after cold performic acid oxidation overnight before hydrolysis (method 982.30 E(b); AOAC Int., 2007). Tryptophan was determined after NaOH hydrolysis for 22 h at 110°C (method 982.30 E(c); AOAC Int., 2007). Diets and digesta samples were also analyzed for chromium using inductively coupled plasma spectroscopy (method 990.08; AOAC Int., 2007) . Soy protein concentrate, SBM, and diet samples were also analyzed for GE using bomb calorimetry (model 6300; Parr Instruments, Moline, IL), ADF (method 973.18; AOAC Int., 2007) , and NDF (Holst, 1973) . Soy protein concentrate and SBM were also analyzed for acid-hydrolyzed ether extract (AEE), which was determined by acid hydrolysis using 3 N HCl (Sanderson, 1986) followed by crude fat extraction with 1 Phytate was not analyzed in corn because corn was not used in the phosphorus digestibility experiment. ND = not detectable.
2 AEE = acid-hydrolyzed ether extract.
3 Phytate-bound P was calculated as 28.2% of phytate (Tran and Sauvant, 2004) . 4 Nonphytate P was calculated as the difference between total P and phytate-bound P. (Ellis et al., 1977) , and for Ca and P using inductively coupled plasma spectroscopy (method 985.01 A, B, and C; AOAC Int., 2007) after wet ash sample preparation (method 975.03 B(b); AOAC Int., 2007). These samples were also analyzed for starch (method 979.10; AOAC Int., 2007), and monosaccharides and oligosaccharides were analyzed as described by Cervantes-Pahm and Stein (2010) . Calculations and Statistical Analysis. Values for AID, endogenous losses, and SID of CP and AA in the diets containing SPC and SBM were calculated (Stein et al., 2007) . Phytate-bound P in SPC and SBM was calculated as 28.2% of phytic acid (Tran and Sauvant, 2004) , and nonphytate P was calculated as the difference between total P and phytate-bound P. Normality of data was verified, and outliers were tested using the UNIVARIATE procedure of SAS (SAS Inst. Inc., Cary, NC). Data were analyzed by ANOVA using the MIXED procedure with diet as the fixed effect and period as a random effect. An α value of 0.05 was used to assess significance among means, and the pig was the experimental unit for all analyses.
Experiment 2: Energy Digestibility and Concentrations of DE and ME Diets, Animals, and Experimental Design. Experiment 2 was designed to determine the digestibility of energy and concentrations of DE and ME in SPC and SBM. Twenty-four growing barrows (initial BW: 13.94 ± 1.34 kg) were placed individually in metabolism crates equipped with a feeder and a nipple drinker in a randomized complete block design with 3 diets and 8 replicate pigs per diet. The BW of each pig was used as the blocking factor. Three diets were formulated (Table 3 ). The basal diet contained 96.9% corn (as-fed basis), the SPC diet contained 70.3% corn and 27.0% SPC (as-fed basis), and the SBM diet contained 61.4% corn and 36.0% SBM (as-fed basis). Vitamins and minerals were included in the diets to meet or exceed requirements for weanling pigs (NRC, 2012) .
Feeding and Sample Collection. Feed was supplied in a daily amount of 3 times the maintenance energy requirement of the smallest pig in each replicate. The daily amount of feed was divided into 2 equal meals that were provided at 0800 and 1700 h. Water was available at all times. Pigs were fed experimental diets for 12 d, including 5 d for adaptation and 5 d for fecal sampling. Fecal markers (10 g/kg) were included in the morning meal on d 6 (chromic oxide) and in the morning meal on d 11 (ferric oxide) to mark the beginning and the end, respectively, of fecal collections (Adeola, 2001) . Feces were collected quantitatively twice daily and stored at −20°C immediately after collection. Urine collections were initiated on d 6 at 1700 h and ceased on d 11 at 1700 h. Urine buckets were placed under the metabolism crates to permit total collection. They were emptied in the morning and afternoon, and a preservative of 50 mL of 3 N HCL was added to each bucket when it was emptied. The collected urine was weighed, and a 10% subsample was stored at −20°C.
Chemical Analyses. After completing sample collections, urine samples were thawed and mixed, and a subsample was collected for chemical analysis. Fecal samples were dried at 65°C in a forced-air oven and ground through a 1-mm screen in a Wiley mill (model 4; Thomas Scientific, Swedesboro, NJ) before analyses. Urine samples were prepared and lyophilized before GE analysis as previously described (Kim et al., 2009) . Fecal samples were analyzed in duplicate for GE, and GE in urine was analyzed in triplicate. Diets and corn were analyzed for GE, DM, CP, ash, ADF, NDF, and AEE. Corn was also analyzed for starch, Ca, P, monosaccharides, oligosaccharides, and AA. All analyses for Exp. 2 were conducted as explained for Exp. 1.
Calculations and Statistical Analysis. Energy values that were determined from the excretion of GE in the feces and in urine were subtracted from the intake of GE to calculate DE and ME for each diet (Adeola, 2001) . The DE and ME in the corn diet were divided by 0.969 to calculate the DE and ME in corn. The contributions of DE and ME from corn to the diets containing SPC and SBM were then calculated and subtracted from the total DE and ME of these diets, and the concentrations of DE and ME in SPC and SBM were calculated by difference (Adeola, 2001) . The DE and ME in all ingredients were calculated on an as-fed basis as well as on a DM basis. The ATTD of GE was also calculated for each diet and for SPC and SBM.
Data were analyzed by ANOVA using the Mixed Procedure (SAS Inst. Inc.); the statistical model included diet or ingredient as the fixed effect and replicate as the random effect. Treatment means were calculated using the LSMEANS statement, and means were separated using the PDIFF option PROC MIXED. Significance was considered at P < 0.05, and the experimental unit was the pig.
Experiment 3: Phosphorus Digestibility
Diets, Animals, and Experimental Design. Ex periment 3 was designed to measure ATTD and STTD values for P in SPC and SBM fed to weanling pigs. Forty growing barrows (initial BW 14.12 ± 2.08 kg) were placed in metabolism crates and allotted to 4 diets in a randomized complete block design with 10 replicate pigs per diet. Two diets contained 46.7% (as-fed basis) SPC and either 0 or 2,000 units of microbial phytase (FTu; Optiphos 1000, Huvepharma, Sofia, Bulgaria) per kilogram (Table 4) . Two additional diets contained 54% (as-fed basis) SBM and either 0 or 2,000 FTU of phytase/kg. The only sources of P in the diets were SPC and SBM. Vitamins and minerals, except P, were included in all diets to meet or exceed the requirements for weanling pigs (NRC, 2012) .
Feeding and Sample Collection. Feed was supplied in the amount of 3 times the daily maintenance energy requirement of the smallest pig in each replicate. The daily amount of feed was divided into 2 equal meals that were fed at 0800 and 1700 h. Water was available at all times. Individual pig BW were recorded at the beginning and at the end of the experiment, and the amount of feed supplied each day was also recorded. Pigs were fed their experimental diets for 12 d. The initial 5 d were considered an adaptation period to the diet. Indigo carmine and ferric oxide were added to the diet as indigestible markers in the morning meals on d 6 and 11, respectively. The fecal collections started when indigo carmine appeared in the feces and ceased when ferric oxide appeared as described previously (Adeola, 2001) . Feces were collected twice daily and stored at −20°C immediately after collection.
Chemical Analysis. All samples were analyzed in duplicate. Fecal samples were dried and ground as described for Exp. 2. Diets and fecal samples were analyzed for DM, Ca, and P as described for Exp. 1. Diets were also analyzed for GE, ADF, NDF, and ash as described for Exp. 1 and for phytase activity (Phytex Method, Version 1, Eurofins, Des Moines, IA).
Calculations and Statistical Analysis. The ATTD and STTD in each diet were calculated as described previously (Almeida and Stein, 2010) . The basal endogenous loss of P was assumed to be 190 mg/kg DMI (NRC, 2012). Data were analyzed as a 2 × 2 factorial using the MIXED procedure (SAS Inst. Inc.). The fixed effects were source of soy protein, phytase, and the interaction between source of soy protein and phytase. Replicate was considered a random effect. The pig was the experimental unit for all analyses, and an α-value of 0.05 was used to assess significance among means.
RESuLTS

Experiment 1: Amino Acid Digestibility
For CP and most AA, no differences in the AID and SID were observed between SBM and SPC (Table 5) . However, the AID for Cys and Glu was greater (P < 0.05) in SBM than in SPC, and the SID for Ile, Leu, Phe, Pro, and Tyr in SPC was greater (P < 0.05) than in SBM.
Experiment 2: Energy Measurements
Pigs fed the corn diet had less (P < 0.05) GE intake than pigs fed the SPC or SBM diets, but there was no difference between SPC and SBM (Table 6) . However, pigs fed the corn diet had the least (P < 0.01) fecal GE output and therefore, had greater (P < 0.05) ATTD of GE compared with pigs fed the SBM diet, but no difference between the SPC diet and the other diets was observed for ATTD of GE. In contrast, the diet containing SPC contained more (P < 0.05) DE and ME than diets containing corn or SBM.
The ATTD of GE was less (P < 0.05) in SBM than in corn, but there was no difference in ATTD between corn and SPC or between SPC and SBM (Table 7) . On an as-fed basis, the DE and ME in SPC were greater (P < 0.05) than in corn and SBM, and the ME in corn was greater (P < 0.05) than in SBM. On a DM-basis, the DE and ME in SPC were also greater (P < 0.05) than in the other ingredients, and the DE in corn was less (P < 0.05) than in SBM, but no difference in ME between corn and SBM was observed.
Experiment 3: P Digestibility
Neither the source of soy protein nor microbial phytase influenced daily feed intake or basal EPL (Table 8) . However, daily P intake was greater (P < 0.05) for pigs fed the diet containing SBM without phytase compared with pigs fed the SBM diet with phytase, but pigs fed the SPC diet without phytase did not have different P intake compared with pigs fed SPC with phytase (interaction, P < 0.05). Pigs fed diets with added microbial phytase had lower (P < 0.01) P concentration in feces than pigs fed diets without phytase, but the reduction was greater for SBM than for SPC (interaction, P < 0.05). The ATTD and STTD of P were greater (P < 0.05) if microbial phytase was added to the diets than if no phytase was used, but there were no differences in ATTD and STTD of P between SPC and SBM. The intake of Ca was less (P < 0.05) for pigs fed the SBM diet with added phytase compared with pigs fed the SBM diet without phytase, but no difference between the 2 SPC diets was observed for Ca intake (interaction P < 0.05). The concentration of Ca in feces was reduced (P < 0.05) in pigs fed diets with added microbial phytase, but the reduction was greater (P < 0.05) for SBM than for SPC diets (interaction, P < 0.05). The ATTD of Ca was greater (P < 0.05) for pigs fed SBM than for pigs fed SPC, but the addition of phytase to the diet increased (P < 0.05) ATTD of Ca.
DISCuSSION
Composition of Ingredients
The concentrations of GE, CP, and all AA that were observed in SBM in this experiment are in agreement with reported values (NRC, 2012) . The concentrations of AEE, NDF, sucrose, raffinose, and stachyose in SBM also concur with values reported by Rojas and Stein (2012) . The concentrations of GE, AEE, starch, NDF, sucrose, and all AA that were observed in the SPC are in agreement with the values reported by NRC (2012), but concentrations of CP, stachyose, and raffinose in SPC were lower than values reported by NRC (2012). The SPC used in this experiment was obtained using a proprietary process combining nonalcohol extraction and enzymatic treatment of soybean meal. Aqueous alcohol extraction removes the sucrose, raffinose, and stachyose from defatted soy flakes (Eldridge et al., 1979) , and it appears that the procedure used to produce the SPC that was included in this experiment is also effective in removing the low-molecular weight carbohydrates from SBM. Removal of low-molecular weight carbohydrates is the reason for the increased concentration of CP and AA in SPC compared with SBM.
Experiment 1: Amino Acid Digestibility
The AID and SID for CP and all AA in the SBM used in this experiment are close to the values reported by NRC (2012). The AID for CP and most AA in SPC was lower than values reported by NRC (2012) but in agreement with values reported by CervantesPahm and Stein (2008) . However, the SID for CP and most AA in SPC, except Lys, are greater than values reported by NRC (2012) and in agreement with values reported by Cervantes-Pahm and Stein (2008) . It was expected that the SID of CP and AA in SPC would be greater than in SBM because the presence of oligosaccharides in SBM reduces AA digestibility (Cervantes- a-c Least squares within a row lacking a common superscript letter are different (P < 0.05).
1 Each least squares mean represents 8 observations. Total feed intake, GE intake, dry feces output, fecal GE output, urine output, and urine GE output were based on 5 d of collection.
2 SPC = soy protein concentrate; SBM = soybean meal.
3 ATTD = apparent total tract digestibility. a-c Least squares within a row lacking a common superscript letter are different (P < 0.05).
1 Each least squares mean represents 8 observations.
Pahm and . However, despite the absence of oligosaccharides in SPC, no improvement in the AID and SID of most AA in SPC compared with SBM was observed in this experiment, which is in contrast to previous observations (Cervantes-Pahm and Stein, 2008; NRC, 2012) . The reason for this difference may be that different processes were used to produce the SPC used in this experiment compared with previous experiments. The calculated value for the SID of Pro exceeded 100% for both SPC and SBM. The reason for this apparently impossible value is most likely that Pro is synthesized from other AA in the enterocytes and secreted into the lumen of the small intestine (MariscalLandin et al., 1995) . As a consequence, endogenous protein has a greater concentration of Pro than of other AA (Holmes et al., 1974; Taverner et al., 1981) . Values for the SID of Pro that are greater than 100% have been observed in numerous previous experiments in which the SID of AA in soy proteins or other sources of proteins was determined (Baker and Stein, 2009; Almeida et al., 2011; Liu et al., 2016) .
Experiment 2: Energy Measurements
The concentrations of DE, ME, and ATTD of GE in corn obtained in this experiment concur with values reported by Rojas and Stein (2013) , Rodríguez et al. (2013) , and Rojas et al. (2014) . Likewise, the DE and ME and the ATTD of GE that were determined for SBM are in close agreement with values published by Baker and Stein (2009) . The concentrations of DE and ME in SPC obtained in this experiment concur with previously reported values (NRC, 2012) .
Despite the observation that the ATTD of GE was not different between SPC and SBM, the increased DE and ME in SPC compared with SBM indicate that the process used to remove the carbohydrates such as oligosaccharides was efficient in improving the concentrations of DE and ME in SPC. Pigs do not secrete α-galactosidase, which is the enzyme needed for hydrolysis of raffinose and stachyose; thus, these oligosaccharides are not enzymatically digested in the small intestine of pigs. Therefore, removal of oligosaccharides from SBM resulted in greater concentration of CP, and therefore greater concentration of digestible energy, which is the reason the DE and ME are greater in SPC than in SBM.
Experiment 3: Phosphorus Digestibility
The concentration of P in SBM used in this experiment is in agreement with the concentrations reported by Zhang et al. (2013) and Rojas et al. (2014) , and the concentrations of phytate P and nonphytate P in SBM are in agreement with values reported by Rojas et al. (2014) . The concentration of P in SPC was lower than values reported by NRC (2012) and Zhang et al. (2013) and very close to the values in SBM. It was expected that P in SPC would be greater than in SBM because of the removal of soluble carbohydrates and the subsequent concentration of noncarbohydrate nutrients. However, the fact that the concentrations of P did not increase may indicate that the process used to remove the carbohydrates may also have resulted in the removal of some P. In contrast, the concentration of Ca was greater in Table 8 . Effects of microbial phytase on the apparent total tract digestibility (ATTD) of P and Ca and the standardized total tract digestibility (STTD) of P in soy protein concentrate and soybean meal, Exp. 1 Data are means of 10 observations per treatment, except for the treatment with SPC without phytase, which had only 8 observations. Values for phytase are indicated as analyzed values.
2 FTU = phytase units. The phytase used was Optiphos 1000 (1,000 FTU/g; Huvepharma, Sofia, Bulgaria). 3 EPL = basal endogenous P loss. This value was measured in pigs fed a P-free diet and was determined to be 190 mg/kg DMI (NRC, 2012). The daily basal EPL was calculated by multiplying daily DMI by 190 mg/kg DMI. 4 Values for STTD were calculated by correcting values for ATTD for basal EPL.
SPC than in SBM, but the concentration of Ca in SBM is relatively variable because some companies add limestone to SBM to improve flowability. The lack of differences in ATTD and STTD of P between SPC and SBM indicates that P in both ingredients is equally well digested. The values for ATTD and STTD of P in SBM without microbial phytase that were obtained in this experiment concur with previous values (Rodríguez et al., 2013) , and the ATTD and STTD of P that were obtained for SBM with microbial phytase were close to values reported by Almeida and Stein (2010) . To our knowledge, the effect of microbial phytase on the ATTD and STTD of P in SPC has not been reported, but results of this experiment indicate that the effect of microbial phytase on P digestibility in SPC is similar to the effect in SBM. The observation that the STTD of P in both SPC and SBM was between 79% and 80% if microbial phytase was used indicates that phytase is efficient in hydrolyzing phytate in both ingredients, and SPC and SBM are, therefore, rich sources of digestible P. These results are in agreement with Rojas and Stein (2012) . The ATTD of Ca was increased if microbial phytase was added to both SPC and SBM diets, indicating that phytase reduced the capacity of phytate to chelate Ca, which increased the amount of Ca available for absorption (Selle et al., 2009) . The majority of the Ca in both diets was from limestone, and the observation that the ATTD of Ca increased if microbial phytase was used indicates that some of the Ca from limestone is bound to phytate in the intestinal tract of pigs if no phytase is used. This observation is also in agreement with previous data (Almeida and Stein, 2013; Rodríguez et al., 2013) .
Conclusions
Results of the present experiment indicate that SPC produced using a nonalcohol extraction process in combination with enzymatic treatment contains less oligosaccharides than conventional SBM. As a consequence, concentrations of DE, ME, and CP in SPC are greater than in SBM, but only minor differences in SID of AA and the STTD of P between SPC and SBM were observed. These results suggest that SPC likely can be used in diets fed to weanling pigs without negatively affecting digestibility of energy or nutrients and without the negative effects associated with feeding diets containing oligosaccharides.
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